Introduction

MODIS aboard Terra and Aqua provides aerosol products including Aerosol Optical Depth (AOD)
at several wavelengths, as well as Angstrom Exponent (AE) which is an indication of aerosol size.
The AOD product has been extensively validated and algorithmic changes have been made to im-
prove the accuracy of the AOD retrievals. Changes for MODIS Collection 5 included a new surface
reflectance parameterization, aerosol optical models and improved assumptions relating how the
2.12 um channel relates to surface and surface properties. Aerosol size distribution is also crucial in
studying their climate effects, especially when using climate models. Yet it is still a poorly con-
strained quantity. Here we assess the accuracy of the MODIS Angstrom Exponent and AOD prod-
ucts using AERONET ground measurements. Since the accuracy of AE depends on the magnitude
of AOD, it is necessary to simultaneously consider both AOD and AE. Here we report the results of
our investigation for 10 AERONET stations representing six different aerosol types. These loca-
tions have been chosen based on aerosol type, differences between MODIS and AERONET retriev-
als and illustrate the dependence of the MODIS AE and AOD products on the details of the re-
trieval algorithm.

1. Urban/Industrial Aerosols: GSFC and Bondyville
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Data and Method

In this study, we use Version 2, Level 2.0 quality assured all points AERONET
AOD and Angstrom Exponent data. The MODIS data are collection 5, level 2
land and ocean AOD and AE data from both Terra and Aqua. For each site we
have examined all of the data. In this poster, representative years have been
selected for illustration purposes. A primary factor in selecting the year is the
number of colocated measurements available and overall data quality. In order

to select colocated MODIS and AERONET data, we adopted the following

strategy:

1. AERONET AOD that is obtained within +/- 15 minutes of the MODIS
overpass time is selected and interpolated to get S50 nm value using the Angstrom
relationship;

2. At the corresponding MODIS overpass time, we select pixels that lie within
+/- 0.25 degree of the AERONET station and calculate their mean and standard
deviation;

3. We select the five nearest pixels that lie within mean +/- standard deviation,

and calculate their distance—weighted average to approximate MODIS data at
the AERONET station.
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4. South Africa Biomass Burning: Mongu and Skukuza
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2. Aerosols over the Ocean: Midway_Island and Capo_Verde 5. Mixture of Dust and Biomass Burning over the Sahel: Ilorin

Midway_lIsland(2006) Midway_lIsland(2006) Capo_Verde(2007)
0.

Capo_Verde(2007)

. For 1sland locations, representative of the situation ' 1o | e E, S 8 o : YRl
014f E . . 3 o7t ] £ . . < . Aurt?JTnenr(éUéN)
] 7%\/ - of ocean, MODIS achieves good agreement with | guf | St 1 Sl
£ E 1 E | 1 | Eosy 1 3 9 i‘é T = é :
- AERONET for both AOD and AE. Although there L | | & - : : fof 1 s
I | . . . i ) A | =~ | 2 3 i MEE
| exist some differences between the seasonal varia- “ 21 | i T
. fA f 'd 1 d h d- T F M A M J J A s o0 N b© §2 | . %;iqnnge(lr\/l(m)) %0- |
tion ot AE tor Midway Island, the corresponding . L Al Ly
| AODs are too small for the difference to be signifi- S
£ ] | cant. The results of this comparison for : | | | A e | st
z. g ] . . . %o. gas- : 25t ] 1: 2:]:1? ;gN Al * Autumn (SON) |
% | Capo_Verde, dominated by dust aerosols, indicate * N |1 R T
< "ol 4\ | that the MODIS ocean algorithm is very successful ™ | L e R AR | &) .
NN n retrieving dust over dark ocean surfaces. More- S S B oo e 1, 1 | ' . . _ '-*’~~~'~'-'.'._.'.:;_._ e _
: P ——— IR —— e over, the dependence of MODIS AE on AOD more | — [ B wepny | CBUHRIRER RS e O P -
w 5 I : Sjr;]nr?]ey(m) . . y | <8( 0:- I E EJE:ange:\/l(g\)l JJJJJJJJJJJJJJJJJJJJJJJJ AERONET 550 nm 290 MODIS550 nm AOD
A N e resembles that found in the AERONET data, and 1s 2ol N e
T lEe < o2} ] . . . . . 3 .'1-:_ < 0of
2] L quite different from land cases. This i1s mainly at- dof T
et L | tributable to differences in the retrieval algorithm e IR
o D Y g Sosf : : Nl D Sty | el
fof B ) e | such as the greater number of aerosol size combina- & ' S | e
i | mEmmm, tions in the ocean algorithm relative to the land o it 107 e s s e S S
* Winter®F) of " Ninter®8) . . . . . ' ' T Winter 0F) ' T Winter @) | =hron ot gﬁtgﬁfm)
? S ot algorithm.1s mainly because ocean algorithm 1s 1 e + i . A Ll + A 50
. Au:,r:: SON) 15F, e Autumn (SON) A . . * Summer (1Y : jJ:nmer ;?N | M ] 061 1 SZE . I..' é o
, = . more straight forward and has more aerosol size ) o | sl [ EE
: : combinations compared to land algorithm. : : | a0 Tl | 57 R NS
3 g' g‘ |
- 2 o1 1 E2 | o Summer (UA) A % 0; |
L . e : 1 R = 1

3. South America Biomass Burning: Alta Floresta and
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Over the two South American sites dominated by biomass
burning aerosols, while MODIS AOD agrees well with
AERONET, their AE differ. The difference between the
AEs also decreases as AOD increases. However, even at
larger AOD, MODIS still underestimates AE while over-
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estimates AOD. We suspect that this results from cloud

contamination. In the two figures shown below, we com-
pare the MODIS level 3 monthly mean product with the

monthly mean calculated using colocated data, which in-
cludes only the AERONET determined clear-sky values.
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of monthly mean and colocated (AEROENT determined clear) data;

Significant difference exists in MODIS and AERONET AOD and AE at
[lorin. MODIS underestimates AOD, especially at higher AOD values. Al-
though the difference between the AEs tends to approach zero as AOD in-
creases, significant overestimation in MODIS is still observed. Ilorin is lo-
cated in the Sahel, and is affected by both windblown dust from the Sahara
desert and biomass burning aerosols during the dry season from November
to February. Studies [Kim et al., 2009] have shown that during this time
period, biomass burning aerosols are transported from the south and
brought upward to a 2-5km height while dust are mostly concentrated near
surface (to 1.5 or 2km). Here, due to the more complicated layered aerosol
structure, it 1s possible that MODIS underestimates aerosol loading because
some dust are not observed or mistaken as the surface. Since biomass burn-

ing produces small particles with larger AE, the AE is thus overestimated
by MODIS.

6. Mixture of Biomass Burning and Industrial Pollution over SE Asia: Pimai

Over Pimai, the MODIS and AERONET AOD agree well with only
slight underestimation in MODIS. However, their AE variations show
different characteristics. The sharp decrease in October of AERONET
AE might arise from errors or problems for a certain channel in the
data. MODIS tends to underestimate AE during most times, especially
winter and spring. Similar to South Africa, this location 1s alterna-
tively influenced by biomass burning and industrial pollution. The
comparison of the variation of AE with AOD (right-hand panels)
shows that while the spring values of AE overlap, the MODIS AE are
much lower than the AERONET values for all other seasons, indepen-
dent of AOD, strongly suggesting seasonal problems with MODIS
aerosol model.

Conclusions

1) While the MODIS aerosol optical depth product generally agrees well with AERONET measurements, comparatively larger differences are observed in the Angstrom Exponent;

2) At urban/industrial pollution sites, the difference between MODIS and AERONET AE depends on the magnitude of AOD and tends to decrease as AOD increases;

3) MODIS AE agrees with AERONET values over the oceans only with small biases at low aerosol loading;

4) MODIS overestimates AOD while underestimates AE over South America, suggesting possible problems due to cloud contamination that are also indicated through the comparison
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